Introduction {#sec1-1}
============

Dysphagia is a frequent consequence of stroke, with an estimated incidence ranging from 29% to 81% (Barer, 1989; Martino et al., 2005; Flowers et al., 2011). Dysphagia after stroke not only increases morbidity and mortality but also significantly affects the quality of life (Martino et al., 2005). Prompt evaluation and treatment of dysphagia can mitigate the development of secondary complications and allow early reintegration of the patient into society (Gonzalez-Fernandez et al., 2013).

Pontine infarction constitutes approximately 7% of all ischemic infarctions and 15% of acute vertebrobasilar ischemic strokes, and these incidences are higher than those of any other isolated infarcts of the brainstem (Silverstein, 1964; Saia and Pantoni, 2009). Although some previous studies have evaluated dysphagia after pontine infarction, most previous studies on pontine infarction focused on other clinical features, such as motor and cognitive functions (Bassetti et al., 1996; Kumral et al., 2002; Kunz et al., 2003).

In this study, we investigated the incidence of dysphagia after isolated pontine infarction. Furthermore, we evaluated the predictive factors for the occurrence of dysphagia.

Subjects and Methods {#sec1-2}
====================

Subjects {#sec2-1}
--------

The Asan Medical Center Institutional Review Board (No. 2014-1072) of a university hospital approved the study protocol. A total of 146 patients admitted to Department of Rehabilitation Medicine of Asan Medical Center between January 2009 and June 2014 were enrolled in this retrospective study according to the following criteria: (1) pure pontine infarction without other lesions; (2) first occurrence of stroke; (3) age 20--89 years; and (4) no other causes of dysphagia, such as pharyngolaryngeal cancer, from onset to final evaluation. All recruited patients underwent initial treatment for acute cerebral infarct at the Department of Neurology of a university hospital and were then either transferred to the Department of Physical Medicine and Rehabilitation of the same hospital or discharged. All patients were diagnosed as having pure pontine infarction based on magnetic resonance imaging findings. The diagnosis was confirmed by a neurologist and a radiologist. The patients were subdivided on the basis of the main vascular territory and topographic localization according to previously published anatomical studies (Gillilan, 1964; Tatu et al., 2001). Furthermore, we classified patients as exhibiting either unilateral or bilateral lesions. Data on patient age, sex, hospital length of stay, and presence of dysarthria and dysphagia at admission were collected.

Assessments {#sec2-2}
-----------

All patients underwent the standardized clinical bedside test for dysphagia within 1 day of admission. The tests were conducted in three steps according to previous studies (Gillilan, 1964; Tatu et al., 2001). The first step served to identify the level of consciousness and collaboration capacity of the patient (drowsy mental status, failure to follow simple commands, not opening the mouth, dysarthria, facial palsy, impairment of the tongue, or dysphonia). The second step consisted of the dry swallowing (saliva) test. The third step involved swallowing 5 mL of water with concomitant pulse oximetry while carefully observing for signs of oral-phase dysphagia (spillage of water from the lips, delay in swallowing, or abnormality or absence of tongue movement) or signs of penetration/aspiration (wet or gurgling voice, coughing, or \< 90% oxygen saturation in pulse oximetry). On the basis of this three-step bedside swallowing assessment, each patient was classified as either dysphagic (abnormality of at least one of the assessment criteria in each step) or non-dysphagic. We also performed the test for dysphagia at the time of discharge.

To evaluate the functional status of patients, we investigated their initial modified Rankin Scale (mRS) score (Quinn et al., 2009) and initial National Institutes of Health Stroke Scale (NIHSS) score (Heldner et al., 2013) within 1 day of admission. A higher score on the mRS means greater disability or dependence in daily activities: scores range from 0 (no symptoms at all) to 6 (death). The NIHSS is a graded neurological examination assessing consciousness, eye movements, visual fields, motor and sensory impairment, ataxia, speech, cognition, and inattention. The NIHSS scores range from 0 to 42. More points are given for greater deficiencies.

Statistical analysis {#sec2-3}
--------------------

Data were analyzed using the Statistical Package for Social Sciences (SPSS ver. 23.0; IBM, Armonk, NY, USA). Pearson\'s chi-square test, Fisher\'s exact test, and Mann-Whitney *U* tests were used to compare demographic data, clinical data, and incidence of dysphagia between the unilateral and bilateral pontine infarction groups. Two-tailed tests were performed. A *P* value of \< 0.05 was considered statistically significant for all tests. For univariate analysis, chi-square test was used to determine association factors with dysphagia within 1 day after admission. For multivariate analysis, multiple binary logistic regression was used and statistically significant variables in univariate analysis were used as covariate variables.

Results {#sec1-3}
=======

Infarction territory and dysphagia incidence {#sec2-4}
--------------------------------------------

A total of 146 patients (79 men and 67 women; mean age, 66.7 years) with isolated pontine infarction were included in this study (**[Table 1](#T1){ref-type="table"}**). Anteromedial territory infarct was present in 112 patients (77%), anterolateral territory infarct in 25 patients (17%), lateral territory infarct in 5 patients (3%), and posterior territory infarct in 4 patients (3%). A total of 139 (95%) patients had unilateral pontine infarction and 7 (5%) had bilateral pontine infarction. Of 146 patients, 50 (34.2%) had dysphagia within 1 day after admission. At the second evaluation at the time of discharge, dysphagia was diagnosed in 24 patients (16.4%).

###### 

Demographic data and clinical characteristics of patients with isolated pontine infarction

![](NRR-13-2156-g001)

Predictive factors for dysphagia {#sec2-5}
--------------------------------

Patients with bilateral pontine lesions were older than those with unilateral pontine lesions (*P* = 0.048) (**[Table 2](#T2){ref-type="table"}**). Although there were no significant differences in the sex ratio, mRS score, NIHSS score, and hospital length of stay between the unilateral and bilateral pontine infarction groups, a greater proportion of patients with bilateral pontine infarction had dysphagia at admission than patients with unilateral lesions (*P* = 0.034). Moreover, there was a tendency of a higher incidence of dysphagia in patients with bilateral pontine infarction at the time of discharge, although the difference was not significant (*P* = 0.053).

###### 

Comparison of demographic and clinical characteristics between unilateral and bilateral pontine infarct patients
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In the univariate analysis, NIHSS score, mRS score, and presence of dysarthria were significantly associated with the development of dysphagia (*P* \< 0.001) (**[Table 3](#T3){ref-type="table"}**). Bilateral lesion was a marginally significant factor related to dysphagia (*P* = 0.053). In the multivariate analysis (**[Table 4](#T4){ref-type="table"}**), NIHSS and mRS scores were identified as the strongest independent predictors of dysphagia development in patients with pontine infarction (*P* = 0.011 and *P* = 0.004, respectively).
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Univariate analysis of parameters related to dysphagia in patients with isolated pontine infarction
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Stepwise multiple regression of parameters related to dysphagia in patients with isolated pontine infarction
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Discussion {#sec1-4}
==========

In the current study, we investigated the incidence of dysphagia and the predictive factors for its occurrence in patients with isolated pontine infarction.

Of 146 recruited patients with isolated pontine infarction, 34.2% developed dysphagia. Furthermore, 16.4% showed dysphagia at an average of about 4 weeks after the onset of the infarct. To date, four studies have investigated the incidence of dysphagia at the acute stage after pontine infarction (Kim et al., 1995; Schmahmann et al., 2004; Maeshima et al., 2012; Lapa et al., 2017). Kim et al. (1995) reported that 13 of their 32 patients (40.6%) had dysphagia. Schmahmann et al. (2004) reported that 10 of their 15 patients (66.7%) showed dysphagia. Maeshima et al. (2012) evaluated the occurrence of dysphagia and reported that 49 of their 68 patients (72.1%) had dysphagia symptoms. Lapa et al. (2017) found that 14 of their 59 patients (23.7%) presented with dysphagia. In the above-mentioned studies, the occurrence of dysphagia varied from 23.7% to 72.1%. These heterogeneous results could be ascribed to the different assessment tools and the small number of recruited subjects. We used standardized clinical tests for dysphagia. Moreover, our study included a larger number of patients than that of previous studies. Regarding dysphagia at the time of discharge after finishing the initial treatment, the above-cited study by Maeshima et al. (2012) observed that 22 patients (32.4%) were receiving a dysphagia diet and 22 patients (32.4%) were receiving enteral feeding at an average of 24.4 days after the onset of pontine infarction. However, unlike us, Maeshima et al. (2012) did not perform clinical tests for the presence of dysphagia. We believe that this is the first study to report dysphagia data at the time of discharge after the initial treatment in patients with pontine infarction.

Additionally, we found that patients with bilateral pontine infarction were more likely to present with dysphagia. In contrast to the medulla oblongata and supratentorial regions, the pons is not considered to contain a swallowing center (Suntrup et al., 2015). In cases of pontine stroke, it is known that the affected corticobulbar tract leads to impairment in swallowing function (Lapa et al., 2017). The corticobulbar tract innervates muscles related to swallowing function unilaterally (Gazzaniga and Smylie, 1990). Thus, bilateral pontine infarction damages the corticobulbar tracts bilaterally, which causes dysfunction of both sides of the swallowing muscles. As a result, in our study, a significantly larger number of patients with bilateral pontine infarction appeared to have developed dysphagia than those with unilateral infarction. To the best of our knowledge, this is the first study to report a difference in the occurrence of dysphagia between patients with unilateral pontine infarction and those with bilateral pontine infarction.

Patients with pontine infarction with high mRS and NIHSS scores in our study had a higher risk of developing dysphagia. This result corroborates with the results of previous studies showing that clinical severity was a predictor of dysphagia in patients with cerebral infarction (Crary et al., 2006; Lapa et al., 2017).

In conclusion, we investigated dysphagia in a relatively large number of patients with isolated pontine infarction. Dysphagia was observed in 34.2% and 16.4% of recruited patients at the acute stage and at the time of discharge, respectively. Bilateral pontine infarction caused dysphagia more frequently than unilateral pontine infarction. Furthermore, higher NIHSS and mRS scores predicted a higher risk of dysphagia development. Therefore, we recommend paying close attention to early swallowing problems, especially when patients have bilateral pontine infarction and show high functional disability.

Our present study has several limitations. First, this study was conducted retrospectively. Second, the number of patients with bilateral pontine infarction (*n* = 7) was too small to determine clinical significance. Third, we did not investigate the long-term outcome of dysphagia. Fourth, we did not assess the severity of dysphagia with the videofluoroscopic swallowing study. Lastly, we did not evaluate the effect of infarct size or location on the occurrence of dysphagia. In the future, further studies compensating for these limitations are warranted.
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